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[ft**l] A^SrlfitiLT— ft©*#£©f±j;t73ft 
ttf|S^agi5-e^tt) L 1tAtl±mtl ©f££/5rft©liS[ t J±t!E 

*u 

t /h 3 v % i: # icflflEttWIMartiSR: ± o TlfflEd&tMHg© 1C 
[ft** 2] A;fr7fc£lii|6LT-ft©*#£©ffl;fr7fe 

*U 

t>*<Sv^ *te«nEaA««Bi!:J:ortttB»i»«So 20 
2&t*]iglc:}3V n T A2j#«27 # MSEFf^©ffi J; 9 t>*# < 

tt&SBtc t y ^HjsnHi*.&r. fc £#® its* 

©*IBK:a>*ft«til/7««*!irfflA3lSfttH*-f S3lfii|Mi 
SK^Vf, 30 

W^3t©S^)fe«^Sr^tt|-f-5m 1 ©&aa5<>: , 

Mism i ©&ttis&-?t££ti ufcfia#3fe«*©itsrffft©j(i 

A^3t©A^l3fcm^7Sr^db-t-5^ 2 ©&WSB i . 
ttlBft 2 ©tfcfflg|S-e&tt| LfcAA3fem^©mSrBfft©m 
2 ©ffi<t J*8H-S#2 ©Jt«E«P t , 
«rlE*l#itSS©f)J#X[ia^;Sr$!|prSi±l^$iJ^aJi: Sr 

aru 

*&ffim^jft»^«fi(wfcv^TfflrisA*36«*^iffiBm2© 

tt«t 9 < WlESIt^m^ dSMIEm 1 ©ffi «fc 9 A 40 

1tm 1 ©ttWtei&tfcflgi: U 

tfrlESg 1 ©ffi^<£^«|-?mr|EA^3fem^3iSMfB^2 © 
« ± 0 *> A* < MIESW^a^^MIE^ 1 ©« «fc 9 
$< ftofc^KiiiftiEttWftimsgi u 
mzm i ©ffl^^;M^^g^cj3v^-c*^rfaA^*m^^flt^iE 

if 2 ©ffi«k «J fc/h* < fcifto 1t t £ {Cffi|E*ii(iiiS&©flJ 

#xtttti^^mriB^ i (oismtwu. 9 fcs e>(cte«Lfc 

^2©ttj^j<g««tfigt U 

fflEftfirffl2j:Rllfc*5V WIBA^5ta*^«rSaSE 2 © 50 
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2 

tt«fc 9 t>/JxS < fcofc t * (cffiflMI 2 ©WAlBSWfttti: 
U 

fflEft 2 Offl*fi*R«fc*JV^TWIEA*3tmA*|(IE 
US 2 ©ffii 9 t A # < fto ± h # KiMlBJg 1 ©ttWHBfc 

ttmb-rzzt torn, t -r s^tis, 
[»**5] 111**4 e«©M5J««»t*svNr» Mfe 

[11**6] ff^4Xtt5G4t<z>fti*tiHg|c^ 
t, t&IE^lS.^2©ifc«a5{Ct^.7 i y V^.lH]KSr« 

[0 0 0 1] 
[0 0 0 2] 

f-^-to BStft-f-fi, *36fll«208K:J:t»3tfflr*jcatift 
£*K 3t7rt'^201(C^9 32 ! *4x-5„ 3fc:7riV*20lfr 

-8-tt. 3fegfI3i209fc J: 9 ttSfttRSiiS. 
[00 0 3] **L»!:«i-S3fci««»Sr«V^*7r>r^ 
ii«©«*«lgSria 1 3 (c^-f, 3tmii«W:, A;*j£*u 

T*i9> ^/Mf— Jii: L-c©^>7'3tSr3fc7-r-i'^^ 
AltL. ^t^r'T ^©SI»^^^«Ci5LSrfiJfflLTffi-§-3fe 

Kic tflf* Sriis-r 5 ^^^^ «t 5 #*§*&£© 
I, Er, P r-Y^S: K— 7'L.7t3t7-T'r^{C3i^/p 

-^©p^ai^jfflufofc^T-r^ti*!^^^^ 

^^TV^s < , 

[0 0 0 4] r©3fcliilSIS202S:, hTVT', 7*y 

mm^^^MB-U Vol. 75-B-l, No. 5, p246, 199 
2) 0 

[0 0 0 5] #X bT^»*7fei^ff«208^e>©, %7 
7--r/W^©A»3tm^triiA$-1i:-5o /JT^B 
TfcSfl^og©^^^].!!^^ J;9^5iv^A**m^ 

[0006] ■^•ft^Oy^f -yy>y}-i^m^2io^-<o 

[0 0 0 7] 5(c fttf t£7 



(3) 
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3fc7r-f aA*5»e>jx*fe. 

«\ 3»*«t*#V^ &E8 : ErK— -?%Z7 r 4 

miiffi&ytifflSi/XTMZJs.jLZ'f h : 0 plus 

E, 113, p75, 1989) 0 

-TiiW— (W^, ALC:Auto Level Control tP? 
[000 9] ALClHlBStt, 3feHI«S202©ttWJ©— 20 

taiA mm mmmo6^m^x7^ — v*?* mm 

[0010] H 1 8 {CALClHli&£r#;tfc3te*ataS©AHi 

SiiJc&iJ, A^3«^^#-rr5i:^fiJ##tt-C 30 
teft < *rSSJii*»tt«r»jtf 5 r b K * 5 a> 

[00 11] 

[»M^*»ib<t5 t-f-SSIUS] ALCEI»*«*.-CVN>fc 
v , «*.« 01 4(a) {c*LfcS)^3t®*- 

«$lJ^NlIHJB&206aS:ffiV^TSbS)tm^Sr-^^c$J^Slbfc)fc 
77'f '<*B#B«202a-*\ 014 (b) iz.^ LtaASI- 
ftflM»IUK206bSr« V^TttA««Sr-*K:«« L-fe^ 
#3t*iiBS202b -Ctt, 015 iz^-TX 5 *AWA4»tt 40 

[0012] z.<DmizijkT£5\^ ztiL><oytm$&&-? 
#1$. » 4o„ ^ <oitM*)m&%m-?h s. 

[0013] At)%mtl#*Z <^5i, ttJMMSAffi 
© «fc p ^Aa^3tm^^jt«aj|§#jcfe5fiJ#^^?iJ# 

t c <omm<ox r> tAtH^3tm^A^^itwi§a« 

V Nf1J#^figfpflJ# b 50 
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[0 0 14] £ftfe©3fc*««B-m, **«JftAA|tA 
Kti £ ;h*T v > 5 1 £ © ttiA I* ttl^HBc £ £ 
S„ Ufl>U MA^©3tl«i|i«S»-*f-L.T^L(c:A^J'|ltA^ 
A0x.ibix7ti§-£\ 01 6 tc*-f J: 5 fc, fcB^KUg&jfcg: 

fttiffisasia i 5 © c <dw$.<ox o 

[0 0 15] r.©3t-^— i?©384luOV^> 01 7©AL 
C0»&«.*.fc3fcii««2O2R:Hl 9(^-f [< Stf] S 
©3t«^SrA^Lfc#^-(coV^Tfc^^i-5o 019 

(a) ttA;£#m;ft©B#IWgEtt£35?:fcU (b) ttftit 
ffi«202©flj#© (a) l£*fJ&LfcB#ITOb£^*>U 

(c) ttffl^S;*?© (a) K»i6Ufc*IH*flS**b 
1". 

[00 16] r©0fc^-f-J:5^, A^T^oTV^ 

v^5. i##Jtup(c:fcv^^cA;ft3fc®^ < fcofc 
S». *©PIBtt*fflAr*3l6ii*i»!02!9J»o*U»(aR:J: 

[0 0 17] 

Srta^i-S WliltdS S. 
[0 0 18] 3e7r-f^3Sflriw38V>TB, A*3fc3^^ 

[0 0 19] ^hTV/^yy-f^T^/m * 
[0 0 2 0] 36*— ^l43t3^^^^©M5^ia{- 

btm&Ziix^Z ((f-Mh : «?1im9fl&&*iaH*: 

B-575, 1991) „ 
[00 2 1] $e>^3fe*B*I#Sr7'y 7>/i LTffiVNfc 

[00 2 2] U1±^K UfcJ: 5 t-3tf— -^(o:^:* ©I5£S 
©JISi**), 3tiSillSSr«v^3t7r-l'^alft©^H ; 

[0 0 2 3] 

K N A^3tSriSiffiLT-^©>:#S©tb^3tSrW^-rS 
*i««»fc*JV^-C, A^5t©A^3t®^«r«ia-r5^W 

set. z<omm&X'&tiivtcAt)ytm?)<Dm&ffi7£<z>fe 
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[00 24] Lt, y-fey hSISrK{t-C5E©«ll»C« 
[0 0 2 5] 

[■ftMB] £©±5 4, A*3te«##Ti9«o 

fc*fcAA*ma#Afci»;&nLfc^K:tt, AXftmjj 

flgtc^o-cv^©-^ )tt-^MLTt^of-^ 
ItSr* s < -r 5 r. h asnTfB-Cfc -5 0 
[0 0 2 6] 

[SWfifKl *»9!©mi©3feifc«R:ov^ 01, 02 
.RU { B3*#VvcflW!-*-.5 0 
[00 2 7] I I tt£©**«©#j5fcfc;5*Lfcfc©-e*> 

t * 5 ± 5 IC 7 — y ^ ffi|fjp£ff 5 ALC 
[0 0 2 8] ^©^3SfiJ©3fci«iffl^l02tt, XtlftnJl 

mtHm05^m < . A^3fc*#ffiT*fcB*pi05«:T'J{>«j£ 

i9AA*«*ttaiT*ofc»#, ta^ mm tmm 
m mm&iom. %mxi*mxi<Dffl®smmzTifz 30 
[0029] si±<v%mQ%&(Dmftzm2<DVtmm&m 

0tW^<S«^ffiLl©-!RJjS^^i-5 o A/»t«** 
=^104-eMtti$^c:A^3fc«^^#^©ttJ: 9 At v% 

*Jfc«A©A^{C«toT36*i-5)fe-!>— < ^5 

[0 0 3 0] *L-ca*fflgfcWlLia»6,*«ajXl«MI 

[0031] ^aymmmx^ #m*Ttritaamicvt 
[0 0 3 2] ;oj: *>ti:mw&fT*>ytmm&<o . *t=-f 50 
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LfcA^J3fe«^ffi:^#^©ffi«fc •? T^ofci&^fcSJ^j 

0 3 tt*ffiM©3fclf *g«©$U#, Aa*ttttiS LfcB 

[0 0 3 3] 13(a) {C^i-J; 5 KAAft** 
— 5£fl£ I lf^fcti/rv^j^ i**!ltia»£>4rF&ifcat> v 
B#£!l t upfcT^(Cig*0 l,X7t<D—&(g. I lt-IUtt-rs 
©i-f-So 

[0 0 3 4] r©ftltiffi^fmC0!&£{i;cTV^© 

10 ytmm&itm 3 o>> ^-t-j: 5 K:*&«>ttfu#Gi-e* 

o fc t ©tfSH#£<J t lt>> 6>fU#«r±H\ 0 3 (c) fcjj*-*- «fc 5 
f-E?£!l t2 (C©£#©ffJ#G2=Il/I2xGl) 

[0 0 3 5] *LTA^4STL*VHttfr l2fcttjfeLT 
V>5fc«\ Bf&J t 2JC:fcV>-C. £©3Ufc0!J©t!HN>#Sfl& 

CO 0 3 6] 1 2£t|»t AA*«*tt«il>- VXftM 

t up-e^iciisn-rs^, t upi£}*ytmmmzw}ft& 
[0 0 3 7] &&w<Dm2<Dmmm$:, 04, m5R& 

0 6 Sr«V^T»?li-« 0 0 4 tti©jtJK«o#^«-*L 

[0 0 3 8] z<D&MM(Dxmmmo2n, xxkwji 

ffl*ffi®«liS£©W©51^^g«,6ti(c=ff 5fc*Jc, A* 
> ^^7*7101?:^:^, A##m^£-g|5#il£L.TA 
^m^ ; e=i5'104^< o r©A^B^j^-=^104-C 

ftT/EHHftaj»109^J* < . 
[0 0 3 9] A^3fcm^®T/0«^WgClO9li^«>^ 

tti!3A^f^±^ofci^lt ffl^7 (flj») * 

[oo4o] &.±<o%mm!&<Dmft*m 5 <okm»»b 

Sr^T!ft?li1-S„ i©3feiSffiS(c« N ^ffi^^figs 

^^^-cMtb^^fcA^m^^^©^ 9 a^v^ 

S^-, ^tb^ggSOtess. #je©ffi,fc & iS^A 
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[00 4 1] -£LTA;ftft®;fta s #;£©ffiJ:9/J>;*^i§ 

[0042] z<omrnM-?t±. «i#«rT»ffca*c»R 

[0 0 4 3] roi5*W#P*fi53fc«*W»®» 

[0044] me (a) 5 fcA^J}fc«#ttite*tt: 

— JM I lfcfiHSdvCV»5jBS, B££!l t lA»P>eTSr*&«>, 

mm t upic-cmtcigjp bT5n<o— &it i uz.mto.-rz> t> 

20 

[0 0 4 5] r©3teJ*^»mClH]B&&#Jt-CV'»5© 

jti«*BSttE 6 (b)tc^-f J: 5 lc*M>ttiW»Gl-cfc 
o;fct><E>asB#g!l t l*»e>*U#*_hif. 0 6 (c)('*-t-J: p 
fc.B5*lt2 (^COt#05pJ#G2=Il/I2XGl) 
-j£©fflA01«r«*H-S. 

[0 0 4 6] *U-CAA<STU#vHttSrI2CS:^LT 

[0 0 4 7] Bt&J t 2£t& t A^ffcfcW:^ LTSSI 

tup^i-itjp-rs^, i«m t upfctt3fcjaemt»f£$r 30 
&v \ b#»j t upsi&rau Kti%m.t> &KJimto l t v * 

[0 0 4 8] #»5l!<O&3©5Sifc0!lfc:oV'>-C\ 0 7S.U5 
fc 9, ALClHlK^#^fc^t|ffiS102SrS*tc« 

[0049] n <DmnM\z.7rrr£ *> ytv&mmo2<o 
rtisfes. ^m<Dn<o^±^strz>b. mtrft^ 

*^*113a5PB;&£ttfc#^\ **«»«>*]#:*»«# 

[0 0 5 0] Z<OtiiMt=**?*mi!>W*iZ,k, 
3fe«aa**tt&n-*-5. rtb»*Jt = ^^^113©iSSt?^ 

*>;fcVMB!l«l&*T5 r k&m&ZhX^Zt (Nakagawaffc : 

A Bit-rate Flexible Transmission Field Trial Over 50 
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300km Installed Cables Employing optical amplifie 
r, 1991^7^25 0, ge£#^0ptical Amplifiers and T 
heir Applications) 0 

[0051] #isoe«rafcAu fflA*=*^^ii3w 
tiz>i:m%x\*mt)&&T£i£. &Mt=**?*n3& 

•5„ U^L^se>, r©^i:»2©ll36'e«|-c?fflv^c$!) 

[0052] xtiftn l Mz.ZLZ>\&t>*&T/iBto<Dmw 

£r<k D &±\z.]®J£-r2> fcfefctt, A^ftm^eDiSTJc t 

[0 0 5 3] HJ2J36=***ll3©H*/«lttE 

fc«>, ffl*3fc=i^^^ll3cDgEMSrfit^i-5fe«>»cfi, 
fiMa**»6>l&28~30dB«TbfcS«*«*Sr*ffli-* 

[0 0 5 4] IP*.. W#©«W»©K*i"5fi«a*lt»4 

[00 55] " A;*J)fc«^gfF" 

it" — " Kjtt«#*v^fc*3fc=«***ii3HS*m*Tg" 
^SS" — " «*#fc:J: — " A^m 

;>j©ie]«" ->** ta^tom" fi^Mr© i (c^a^t . 
[0056] r <omMm\t&.±mm vtcmmM&m&: 
mk/w®.\z. x z> mjj>&T/mto*'i7te 5 r t ©t?# s 

[0 0 5 7] r.©^Jfe^J<D)tJii|SS102fi, Kt>%m.t> 

'o'&T/mto^mx^ %mmmQ2<D&^mti^mt 

m^e^fl8t©M<DS^Srg»W(^5fc«>f-> A^J 
SiJ^^T'ylOlSr^lt. A^^S^^-gP^-iiStb-rA 

i4A^)fc«^Sra5Cft^-i-^SlL. ^<Offi4rA^3t®^ 
fflcT/IB««kU«110-5l< o 

[0058] AJi%nf}HkT/mto&mnno\*.. 
mztstitcfs 2 (Dxmxmt xt>%mtsm.*tm.-rz><> 

(f<j#) «mAio6»MfPimsrx ^»s»<b^fc» 

TZ£5lz.1-Z> 0 

[0 0 5 9] ta^JgUtC3fc*7'7l03«rffiV^S 
M3tS^JSr^=^-r-5o SI*3ta^^=^lllT?tt, s 

'>«itascii2^<„ si*^*p/^>«aja5ii2«. ^ 
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^©j&fcktwtjg 1 ©^^{clg^-rs «t 5 (;:-*- 
5. feu KJ£*J:!»£J*£ttA|fcaqft4>U A#3tm 

««r*#WAl!i«#i-5 «fc 5 ft-*-*. 
[0 0 6 0J J^«>3HIWBk!>ttfftfirB8 0tt«S»B 
Sr^-ORH-Tft. i©3fe*«Bfc«:, £fttttflttttS 

[0 0 6 1] AA3t«**=^i04T?*aiS*tft:AA3fc 
J: 9 < a»ottJ#tt©Ki*M5«&*= 

[ 0 0 6 2 J A^3tS^*S[s]^ LT#£©ffiJ: 5 

36«A*=^lllT«flli?*i,fcS«Jieit**#jfeo«[J: 
t>t>*tvs#£-tt, 36=***113#H*3;K.-CV'>5 4: 

[0 0 6 3] AA3fe«#3MM^flLfc »>;*;* v^§ 

•g-t?fcoTt, ^3fcm*as#j£©ffij;?)<i>;*:#vv!#£- 

[0 0 6 4] 3tf— i?SrJ: D*^fc»ffi-J-5fc»fcH: % 

^ ^n^Wtlc J: Sffl^T/BttSrjetfctf * 5 & 
m*<£®ttfi§l<Ota^Sr-15dBm«± (PIN-PD© 

[0 0 6 5] ##W©$S4<OJ£S60!I£, H9SOJ01O 
iSSr^Lfell-efcij, j£3©ll3frea|i©|ig{c;o^T© 

[oo66]^3 =i*?? mut/mm.* 

s**st (MtiftnzikKkiftmjj&it&TjiLtcmM 

[0 0 6 7] £©*:*, H9lc*jv^T, £MttS*JM>tn 
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/ftfeHftttl*S112atttti;*73fe«2j i SW3fcS^3 t> & AMR 
**««BU tt«SnfcSJH««*iJttllEr5. HI 1 

ofc c <nmmm<DVimm&m sr^-r . Bstsuts 

B&fft. 

[0 0 6 8] £©3tMrtfl©#MMcj:;h.tf» mt>%mj3k 
ft. 

[0 0 6 9] *»WoJ»5©HaS«f!H!:oVNrtt8li-t-a. 
£©^S£0!l«:, #2, »3Xtt»4<oH36ffij©S!|ftnti^ 
Sr J: 9 »^>fc © i: 1" 5 #H3fi-g9JCD«^fc t ^ 

wr©3*Jftgi3U |S3— ©*;&K:oV'»TfcmiliSr ! I'MF-#- 

ft. 

20 [0 0 7 0] *-f#?«>K:. #2©3Ktt0!IK*:|§|jftfr;(in*. 

[0 0 7 1] ^2<O^SfiM«:04{c^$ti / TV>5 < J:5 

*<W-SAA^6«A«T/liI**aaiI109t#LTV^ 
ft. 

[0 0 7 2] L*»L,J&tfS&, lo©LtvMi-efiT^ffl 

30 [0 0 7 3] r©f2 OfttbfflOttfPfrikJtl::?- Zlt 
WrJ^ IeIISm J: o TA^^fea^-IST/lHl^ 
mgU109(C2obtV^'(it^gS^U t^^y^#ttSr 
^FfciirfctO-CfeS. ill ( a ) fc, t^^yv^lsl 

mj)& T/isi^fflgBio9<D 2 o l t v sr^-r. 

[0074]|£3;j55^tejg4 ©«K«©A*>6«Afi 
T/U^tHSBllOfcov^Tt). »2©Hififia|i:^© 

40 [ 0 0 7 5 ] m 3 (ommmttm 7 izaom^^rx 5 

««:Jt«ti-5StfJ6*IKlO/ifeHftttJ«ll2^*UTV^ 
ft. ^©S^)fel«JD/^/>^tBg|J112fc, ^feKflML*: 

dot), t^y-y^ia»fcj:orfiat>ifiitt!ip/sfeWftu 
mi2<c 2oui ^irsrRje lt t ^ y 

J:9*3at?3i>ft. 011 (b) {c, kxtv ^*®mz. 
50 /@4>&aSB112©2oL£VMi££r^i- 0 
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[00 7 6] 14 (Dgmm-i® 9 t^rOW^tr* 

fcSM«*a^tt:«-rs^^*stiip/»>^agi5ii 

^fite*P/«^^diSB112aJC 2 o U t Vv|f SrR£ U 
t^T^y ^^^ttSr^fc-frStjO-CfcSo Sill (c) 

[00 7 7] Zthtb<0&.±.&9i Lfc#j£JS0!]kfcALC[§]8& 

5„ ALCEl**«*.fc3iy«««-CBlWtIltH* 

-3£fc:f&J« UT v 7 r -f MCttMl&Mtti Sr 
T«f 5 <fc 5 fcW*-*-*Mi J: < x aA««&— «fc1BH» L 

[0 0 7 8] 

&=£r/BV\ft,tf, S6*«Hc3t1>— S?*#U£Ei"« - 1 
[HSi«>1H¥ttR9!] 

[@i] mi&mi&m<vftmm&<om)$,&7Fi'tcm-v3b 

[i2]$l ©HJfi^J©Jtl««««)««BS»Sr^ L*:0 
[0 3] m 1 ©**«©^«*0>SRI#» Atii;WttSr 

*Lfc0-c£>5 o 

[14] »2©**«©*ii«««)«J«.«r*bfcH-C*> 
5. 

[0 5 ] Hr 2 QfgfflgOftiMK^ftflra*** Lfc0 
[06] JR2©l?;te#J<Oftit4fS©fiJ#, AfflAWtt** 
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* ^Lfc0-e*>5o 

5„ 

[010] j|4©HJfc«03tl««»©tt«a»Sr*Lfc. 
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CONSTITUTION: A part of the output of 



an optical amplifier 102 is branched by ^SSgw- — 

an optical coupler 103 and is monitored - ? 

by an output optical power monitor 107, 
and an output control part 1 06 is used 
to perform the feedback control so that 
the output is fixed, and the output 
reduction operation is performed based 

on the variance of the input optical power. Therefore, the input part 
is provided with an optical coupler 101, and the value of the input 
optical power is led to an input optical power reduction detecting 
part 105 by an input optical power monitor 104. The input optical 
power value is compared with a prescribed optical power value; and if 
the input optical power value is reduced to the set value or smaller, 
the output control part 106 changes the mode to the output 
reduction state where the control target value is reduced. A reset 
SW 1 08 is provided to restore the normal output state from the 
output reduction state. 
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[WHAT IS CLAIMED IS:] 

[Claim 1] An optical amplifier for amplifying input light and 
outputting output light with a fixed intensity, comprising: 
a detecting part for detecting electric power of input light; 
a comparing part for comparing the input light power value 
detected by the detecting part with a predetermined value; and 
an output control part for controlling the gain or output of 
the optical amplifier, wherein 

the gain or output of the optical amplifier is lowered by the 
output control part when the input light power compared by the 
comparing part is smaller than the predetermined value. 
[Claim 2] An optical amplifier for amplifying input light and 
outputting output light with a fixed intensity, comprising: 
a detecting part for detecting electric power of input light; 
a comparing part for comparing the input light power value 
detected by the detecting part with a predetermined value; and 
an output control part for controlling the gain or output of 
the optical amplifier, wherein 

an output lowered condition is produced where the gain or output 
of the optical amplifier is lowered by the output control part 
when the input light power value compared by the comparing part 
is smaller than the predetermined value, and when the input 
light power becomes greater than the predetermined value in 
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the output lowered condition, the intensity of output light 
of the optical amplifier is made to be the fixed intensity. 
[Claim 3] An optical amplifier according to Claim 2, further 
comprising a hysteresis circuit at the comparing part. 
[Claim 4] An optical amplifier for amplifying input light and 
outputting output light in a steady output condition where the 
intensity of the output light is fixed, comprising 
a first detecting part for detecting reflected light power of 
output light; 

a first comparing part for comparing the value of the reflected 
light power detected by the first detecting part with a first 
predetermined value ; 

a second detecting part for detecting input light power of input 
light; 

a second comparing part for comparing the input light power 
detected by the second detecting part with a predetermined 
second value; and 

an output control part for controlling the gain or output of 
the optical amplifier, wherein 

a first output lowered condition is produced where the gain 
or output of the optical amplifier is lowered when the input 
light power becomes greater than the second value and the 
reflected light power becomes greater than the first value in 
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the output steady condition, 

the output steady condition is produced when the input light 
power becomes greater than the second value and the reflected 
light power becomes smaller than the first value in the first 
output lowered condition, 

a second output lowered condition is produced where the gain 
or output of the optical amplifier is lowered to be lower than 
in the first lowered condition when the input light power 
becomes smaller than the second value in the first output 
lowered condition, 

the second output lowered condition is produced when the input 
light power becomes smaller than the second value in the steady 
output condition, and 

the first output lowered condition is produced when the input 
light power becomes greater than the second value in the second 
output lowered condition. 

[Claim 5] An optical amplifier according to Claim 4, wherein 
return loss expressed by the ratio of the reflected light power 
and output light power is used in place of the reflected light 
power . 

[Claim 6] An optical amplifier accprding to Claim 4 or 5, 
further comprising hysteresis circuits at the first and second 
comparing parts. 
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[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] The present invention relates to a 
construction for suppressing light surge of an optical 
amplifier to be used for optical fiber communications. 
[0002] 

[Prior Art] The basic system of conventional optical fiber 
communications is shown in Fig. 12. An electric signal is 
converted into a light signal by optical transmitter 208 and 
then sent into optical fiber 201. The light signal propagating 
in the optical fiber 201 undergoes loss of the optical fiber 
201, and the electric power thereof attenuates as the 
transmission distance becomes longer. The attenuated optical 
signal is restored to be an electric signal by optical receiver 
209. 

[0003] Meanwhile, the basic system of optical fiber 
communications using an optical amplifier is shown in Fig. 13. 
The optical amplifier has a function for directly amplifying 
input light without conversion into electricity, there are 
various known optical fibers such as an optical fiber amplifier 
which makes a pump light beam as an energy source on an optical 
fiber into which Er and Pr ions have been doped to generate 
inverted population and uses its stimulated emission as well 
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as an optical fiber amplifier which makes a pump light beam 
as an energy source incident on an optical fiber and amplifies 
signal light by using stimulated Raman scattering of an optical 
fiber, and an optical amplifier using a semiconductor device 
for amplifying signal light by means of stimulated emission 
of electrons with energy generated within the semiconductor 
due to an external current. 

[0004] Optical fiber communications using this optical 
amplifier 202 for a post-amplifier, pre-amplif ier , and in- 
line amplifier have been actively studied and developed (for 
example, "Repeating transmission system using optical fiber 
amplifier" by Hagimoto and Aoyama, p. 246, No. 5, Vol.75-B-l, 
Transactions of The Institute of Electronics, Information and 
Communication Engineers, 1992) . 

[0005] The post-amplifier increases incident light power to 
the optical fiber 201 from the optical transmitter 208. The 
pre-amplif ier improves the sensitivity of the optical receiver 
209, and enables operation with smaller input light power. The 
use of the post-amplifier and pre-amplif ier makes it possible 
to perform long-distance optical fiber communications. 
[0006] Furthermore, the in-line amplifier amplifies and 
outputs input optical signals to the optical repeater 210, so 
that the use of a plurality of in-line amplifiers makes it 
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possible to perform long-distance optical fiber 
communications without restoring the light signal to an 
electric signal. 

[0007] As described above, optical amplifiers are effective 
to lengthen the distance of optical fiber communications. Since 
the optical amplifiers are not influenced by transmission rates 
and modulation systems of input signals, adaptable 
communications systems can be constructed. By an optical fiber 
amplifier using an optical fiber into which an earth-rare 
element Er has been doped, a great gain and output can be 
obtained, so that this amplifier has a great effect (for example, 
"Impact on optical communications systems by Er-doped optical 
fiber amplifiers'' by Shimada, 0 plus E, 113, p. 75, 1989). 
[0008] For optical amplifiers to be used for optical fiber 
communications, a function by which the output is not changed 
by slight input changes is required. This is in order to cope 
with changes in loss of the optical fiber due to construction, 
maintenance, temperatures, and aging deterioration. In 
optical fiber communications using in-line amplifiers, the 
distances between buildings in which in-line amplifiers are 
installed are not constant, so that the optical fiber loss is 
not the same between buildings. Therefore,, a function for 
fixing the output in response to input power in a certain range 



6 



is required for in-line amplifiers. An example of construction 
of an optical amplifier having an output fixing control 
(hereinafter, referred to as ALC: Auto Level Control) circuit 
satisfying the abovementioned two demands is shown in Fig. 17. 
[0009] In the ALC circuit, a part of an output from the optical 
amplifier 202 is branched by optical coupler 203, and the 
branched outputs are monitored by output light power monitor 
207. Then, feedback control is made by output (gain) control 
part 206 to fix the output. 

[0010] Fig. 18 shows the input and output characteristics of 
an optical amplifier having an ALC circuit. In the optical 
amplifier having the ALC circuit, the output does not change 
and becomes fixed even when the input changes. However, in 
actuality, it is impossible to make ALC across the whole input 
range. This is because, if the input power is too small, an 
excessive gain is required, and if the input power is too great, 
changeable gain characteristics are not required but 
changeable loss characteristics are required. Therefore, for 
the optical amplifier having the ALC circuit, an input range 
around a target input value is regulated. 
[0011] 

[Problems to be Solved by the Invention] Optical amplifiers 
without ALC circuits, such as, optical fiber amplifier 202a 
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in which exciting light power is controlled to be fixed by using 
exciting light power fixing control circuit 206 shown in Fig. 
14 (a) and semiconductor optical amplifier 202b in which inrush 
currents are controlled to be fixed by using inrush current 
fixing control circuit 206b shown in Fig. 14 (b) have input and 
output characteristics shown in Fig. 15. 

[0012] As shown in this figure, in these optical amplifiers, 
when the input light power is small, a proportion relationship 
is established between the input light power and output light 
power. This proportion inclination is the gain. 
[0013] When the input light power increases, the energy level 
required for optical amplification inside the optical 
amplifier is lowered, so that the gain cannot be maintained 
to be fixed. As region a in this figure, a gain at which the 
input light power and output light power have a proportion 
relationship is called linear gain, and as region c, a gain 
at which the input light power and output light power do not 
have a proportion relationship is called saturated gain. 
[0014] In these optical amplifiers, an output has an output 
value C when a steady input value A is inputted into the optical 
amplifiers. However, the input value A is suddenly inputted 
to an optical amplifier without inputs, as shown in Fig. 16, 
a transitional response (hereinafter, referred to as light 
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surge) is generated in the output. This is because the optical 
amplifier holds a linear gain as shown by region c of Fig. 15 
when inputting, and the output power thereof reach output value 
B of Fig. 15 in the transition condition. 

[0015] Regarding this light surge generation, a case where 
wedge type light power shown in Figs. 19 is inputted into the 
optical amplifier 202 having an ALC circuit of Fig. 17 is also 
explained. Fig. 19(a) shows changes in input light power with 
time, (b) shows changes in gain of the optical amplifier 202 
with time corresponding to (a) , and (c) shows changes in output 
light power with time corresponding to (a) . 

[0016] As shown in these figures, in a region in which the input 
lowers, the gain rises and the output is maintained to be fixed. 
When the input light power suddenly becomes high at time t up , 
its instantaneous output is determined by gain G2 of the optical 
amplifier 202. Therefore, the light surge is generated. 
[0017] The magnitude of the light surge depends on the internal 
gain which the optical amplifier can hold, so that there is 
a possibility that an optical amplifier with an ALC circuit 
outputs light surge greater than that of an optical amplifier 
without an ALC circuit. 

[0018] In optical fiber communications, it can be considered 
that light power is suddenly inputted into the optical 
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amplifier from a no-input condition due to attachment and 
detachment of the input light connectors. In this case, as 
described above, regardless of the existence of an ALC circuit, 
the optical amplifier may output light surge. 
[0019] A person in charge of maintenance may handle the output 
connectors of the optical amplifiers such as post-amplifiers 
and in-line amplifiers, and output of light surge is dangerous 
to a person's eyes. 

[0020] Light surge also damages optical parts such as optical 
connectors and the like. For example, it has been reported that , 
when the output light connector joined portion has been stained, 
the joined portion fused due to light surge. (Nakaji'ma et al . , 
B-575, Report on 1991 Autumn Meeting of The Institute of 
Electronics, Information and Communication Engineers) 
[0021] Furthermore, in a case where the optical amplifier is 
used as a pre-amplif ier , light surge may break optical parts 
such as optical receivers and the like at the rear stage of 
the pre-amplif ier . 

[0022] As described above, light surge causes various problems, 
and in the field of optical fiber communications using optical 
amplifiers, to suppress light surge has become a theme. 
[0023] 

[Means for Solving the Problems] In order to solve the 
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abovementioned problems, according to the invention, in an 
optical amplifier for amplifying input light and outputting 
output light with a fixed intensity, a detecting, part for 
detecting electric power of input light; a comparing part for 
comparing the input light power value detected by this 
detecting part with a predetermined value; and an output 
control part for controlling the gain or output of the optical 
amplifier are provided, and the gain or output of the optical 
amplifier is lowered by the output control part when the input 
light power compared by the comparing part is smaller than the 
predetermined value. 

[0024] Then, a reset switch can be provided to restore the 
amplifier to the original condition, or a circuit for detecting 
an increase in input light power can be provided so that the 
amplifier automatically returns to the original condition. 

[0025] 

[Action] According to such a construction, when the input light 
power suddenly increases after the input light power lowers, 
since the optical amplifier has been turned into an output 
lowered condition at a stage at which the input light power 
value has become lower than the predetermined value, even when 
light surge is generated, the peak value can be suppressed to 
be small. 
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[0026] 

[Embodiments] A first embodiment of the invention is explained 
with reference to Fig. 1, Fig. 2, and Figs. 3. 

[0027] Fig. 1 shows the construction of this embodiment, and 
is composed of an optical amplifier 102 having an ALC circuit 
as a basis wherein a part of an output is branched by optical 
coupler 103 and monitored by output light power monitor 107, 
and feedback control is made by using output (gain) control 
part 106 so that the output becomes fixed. 

[0028] In optical amplifier 102 of this embodiment, for an 
output lowering operation based on changes in input light power, 
optical coupler 101 is provided at the input portion which 
branches a part of input light power and guides it to input 
light power monitor 104. This input light power monitor 104 
converts the input light power into an electric signal, and 
the signal value is guided to input light power lowering 
detecting part 105. The input light power lowering detecting 
part 105 compares the light power value that has been set in 
advance and the input light power value, and if the input light 
power value lowers to be smaller than the set value, notifies 
output control part 106 for controlling the output (gain) . The 
output (gain) control part 106 which has received the 
notification makes a change to lower the gain or output control 
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target value. 

[0029] The abovementioned operation of the optical amplifier 
is explained with reference to the condition transition drawing 
of Fig. 2. In this optical amplifier, two conditions exist, 
that is, a steady output condition SO and an output lowered 
condition LI. When the input light power detected by the input 
light power monitor 104 is greater than the specific value, 
the steady output condition SO is maintained. If input light 
power lower than the specific value is detected, the condition 
is changed into the output lowered condition LI. The output 
lowered condition LI is a condition where the gain is low, so 
that light surge to be caused by sudden input of light power 
can be suppressed to be small. 

[0030] Then, to restore the output lowered condition LI to the 
steady output condition SO, a reset switch 108 is provided at 
the output (gain) control part 106. When this reset switch 108 
is depressed, the optical amplifier circuit changes into the 
steady output condition SO. 

[0031] In this embodiment, by a change into the output lowered 
condition LI where the gain is lowered, the magnitude of light 
surge is suppressed, however, in order to more completely 
suppress light surge, a control may be carried out whereby the 
optical amplifier is changed into a condition where the 



operation is stopped. 

[0032] Regarding an optical amplifier which carries out such 
a control, the changing operation into a condition where the 
action is stopped when the monitored input light power value 
is lowered to be smaller than the specific value is explained 
with reference to Figs. 3. Figs. 3 show the gain, input and 
output characteristics of the optical amplifier of the 
embodiment . 

[0033] As shown in Fig. 3(a), the input light power is 
maintained at a fixed value II at the beginning, however, it 
starts to lower from time tl, suddenly increases at timing t up 
and then returns to the original fixed value II. 
[0034] This optical amplifier is provided with an ALC circuit, 
so that the initial gain Gl rises from time tl as shown in Fig. 
3 (b) , and as shown in Fig. 3 (c) , a fixed output 01 is maintained 
up to time t2 (at this time, gain G2 = 11/12 x Gl) . 
[0035] Since the input lowering threshold is set to 12, the 
control of this embodiment is made at time t2, whereby the 
optical amplifier stops its action. 

[0036] Even after time t2, the input light power lowers and 
suddenly increases at time t up , however, since the optical 
amplifier has stopped its operation at time t up and has not held 
a gain any more, light surge does not occur. Thereafter, if 
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the reset switch is depressed in a condition where the input 
light power becomes stable at the fixed value II, this optical 
amplifier restores into the steady output condition and holds 
the fixed predetermined 01. 

[0037] A second embodiment of the invention is explained with 
reference to Fig. 4, Fig. 5, and Figs. 6. Fig. 4 shows the 
construction of this embodiment, which is composed of optical 
amplifier 102 with an ALC circuit as a basis. 
[0038] In order to detect lowering and restoration of the input 
optical power and automatically make a changeover between the 
steady output condition and output lowered condition, the 
optical amplifier 102 of this embodiment is provided with 
optical coupler 101 at the input part to branch a part of the 
input light power and guide it to the input light power monitor 
104. In this input light power monitor 104, input light power 
is converted into an electric signal, and the signal value is 
guided to input light power lowering/restoration detecting 
part 109. 

[0039] The input light power lowering/restoration detecting 
part 109 compares the predetermined light power value and input 
light power value, and if the input light power value is lower 
than the set value, notifies the output (gain) control part 
106 which controls the output (gain) to lower the gain or output. 
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The output (gain) control part 106 which has received the 
notification makes a change for lowering the control target 
value. To the contrary, if the input light power value becomes 
greater than the set value, the output (gain control part 106 
for controlling the output (gain) is notified to restore the 
gain or output. The output (gain) control part 10 6 which has 
received the notification restores the control target value. 
[0040] The abovementioned operation of the optical amplifier 
is explained with reference to the condition transition drawing 
of Fig. 5. For this optical amplifier, two conditions including 
the steady output condition SO and output lowered condition 
LI exist. When the input light power detected by the input light 
power monitor 104 is greater than the specific value, the steady 
output condition SO is maintained. When input light power which 
is lower than the specific value is detected, the condition 
is changed into the output lowered condition LI. The output 
lowered condition LI is a condition where the gain is low, so 
that light surge caused by sudden input of light power can be 
suppressed. 

[0041] Then, when the input light power is smaller than the 
specific value, the output lowered condition LI is maintained. 
In this condition, if input light power that is greater than 
the specific value is detected, the optical amplifier circuit 
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changes into the steady output condition SO. 
[0042] In this embodiment, the magnitude of light surge is 
suppressed by changeover into the output lowered condition LI 
where the gain is lowered, however, in order to more completely 
suppress light surge, a control for changeover into a condition 
where the action of the optical amplifier is stopped may be 
made . 

[0043] In the optical amplifier which carries out such control, 
operation for changeover into a condition where the action is 
stopped in a case where the monitored input light power value 
becomes lower than the specific value is explained with 
reference to Figs. 6. Figs. 6 are drawings showing the gain 
and input and output characteristics of the optical amplifier 
of the embodiment. 

[0044] As shown in Fig. 6(a), the input light power is 
maintained at the fixed value II at the beginning, however, 
it starts to lower from time tl, suddenly increases at time 
t up , and then returns to the original fixed value II. 
[004 5] This optical amplifier is provided with an ALC circuit, 
so that the initial gain Gl increases from time tl, and as shown 
in Fig. 6(c), the fixed output 01 is maintained up to time t2 
(at this. time, gain G2 = 11/12 x Gl) . 

[0046] Since the input lowering threshold is set to 12, so that 
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control of this embodiment is carried out at time t2, whereby 
the optical amplifier stops its action. 

[0047] Even after time t2, the input light power keeps dropping 
and suddenly increases at time t up/ however, the optical 
amplifier has stopped its action and does not hold a gain, so 
that light surge does not occur. After time t up , since the input 
light power exceeds input restoring threshold 13, this optical 
amplifier is restored into the steady output condition, and 
holds the fixed output 01. 

[0048] A third embodiment of the invention is explained with 
reference to Fig. 7 and Fig. 8. Fig. 7 shows the construction 
of this embodiment, which is composed of optical amplifier 102 
with an ALC circuit as a basis. 

[0049] As shown in this embodiment, when the output of the 
optical amplifier 102 is connected to an optical fiber or 
optical receiver via light connector 113, the light connector 
113 may be handled by a person in charge of maintenance. 
Considering the person's eyes, when the output light connector 
113 is opened, it is desirable that the gain or output of the 
optical amplifier is lowered. 

[0050] If this output light connector 113 is disconnected, 
reflected light power increases . This is because the refractive 
index differs for air and for the optical fiber core at the 
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end surface of the light connector 113. Control for preventing 
careless outputs by using this principle when the output light 
connector is open has been reported (A Bit-rate Flexible 
Transmission Field Trial Over 300km Installed Cables Employing 
Optical Amplifier, Nakagawa et al., International Conference 
"Optical Amplifiers and Their Applications", July 25, 1991) . 
[0051] By improving this principle, control for lowering the 
gain or output when the output light connector 113 is 
disconnected and control for restoring the gain and output when 
the output light connector 113 is connected are considered. 
However, a simple combination of these controls and the control 
used in the second embodiment causes the following problems. 
[0052] Output lowering/restoring control by means of the input 
light power is made to suppress light surge . Therefore, in order 
to more completely suppress light surge, the lower the lowered 
output value in response to a lowering in the input light power, 
the greater the effect. 

[0053] On the other hand, control by means of 
opening/connecting the output light connector 113 is made by 
using a change in the reflected light power. Therefore, to 
confirm the connection of the output light connector 113, it 
is necessary to detect the reflected light power lowered by 
approximately 28 through 30dB from the lowered output, so that 
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the lowered output value in response to the opening of the 
output light connector 113 cannot be set to be very low due 
to detection accuracy. 

[0054] That is, the lowered output values requested by the 
abovementioned controls are different from each other. However, 
without making the lowered output values for the controls 
common, the controls cannot be independently carried out. 
[0055] This is because, for example, there is a possibility 
that an event occurs in which "input light power lowering" _ 
"output stop" - "undetectable condition of an opening of the 
light connector 113 due to no-existence of reflected light" 
- "light connector opened by the person in charge of 
maintenance" - "restoration of input light power" - 
"restoration of output" - "light entrance into the person's 
eyes" . 

[0056] This embodiment relates to an optical amplifier in which 
the abovementioned problems are solved and output 
lowering/restoration can be carried out by the input light 
power and opening/connection of the output light connector, 
with construction and operation explained below. 
[0057] The optical amplifier 102 of this embodiment is provided 
with optical coupler 101 at the input to detect 
lowering/restoration of the input light power and 
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automatically carry out changeover between the steady output 
condition and output lowered condition of the optical amplifier 
102, and partially branches the input light power and guides 
it to input light power monitor 104. In this input light power 
monitor 104, the input light power is converted into an electric 
signal, and the value is guided to input light power 
lowering/restoration detecting part 110. 

[0058] The input light power lowering/restoration detecting 
part 110 compares the predetermined second light power value 
and the input light power value. If the input light power 
becomes lower than the predetermined value, the output (gain) 
control part 106 sets a control target value to be the 
predetermined second lowered output. If the input light power 
value becomes higher than the predetermined value, the output 

(gain) control part 106 sets the control target value to be 

the predetermined first lowered output. 

[0059] Furthermore, reflected light power is monitored by using 
optical coupler 103 at the output part. In the reflected light 
power monitor 111, reflected light power is converted into an 
electric signal, and the signal value is guided to reflected 
light increase/decrease detecting part 112. The reflected 
light increase/decrease detecting part 112 compares the 
predetermined first light power value and reflected light power 
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value. If the reflected light power value becomes higher than 
the predetermined value and the input light power is normal, 
the output (gain) control part 106 sets the control target value 
to be the predetermined first lowered output. If the reflected 
light power value is lower than the predetermined value and 
the input light power is normal, the output (gain) control part 
106 restores the control target value to be a steady output. 
[0060] The abovementioned operation of the optical amplifier 
is explained with reference to the condition transition drawing 
of Fig. 8. Three conditions including a steady output condition 
SO, output lowered condition LI, and output lowered condition 
L2 exist in this optical amplifier. 

[0061] When input light power detected by the input light power 
monitor 104 is greater than the specific value and reflected 
light power detected by the reflected light power monitor 111 
at the output part is smaller than the specific value, the 
amplifier stays in the steady output condition SO. When input 
light power that is lower than the specific value is detected, 
the amplifier changes into the output lowered condition L2 . 
Since the output lowered condition L2 is a condition where the 
gain is low, light surge occurring due to a sudden input of 
light power can be suppressed. 

[0062] When the input light power is restored and becomes 
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greater than the specific value, the amplifier changes into 
the output lowered condition LI. Then, if the reflected light 
power detected by the reflected light power monitor 111 is 
greater than the specific value, the amplifier judges that the 
light connector 113 is open and stays in the output lowered 
condition LI, and when the reflected light power becomes lower 
than.the specific value, the optical amplifier circuit changes 
into the steady output condition SO. 

[0063] On the other hand, even when the input light power is 
greater than the specific value, if the reflected light power 
is greater than the specific value, the amplifier changes into 
the output lowered condition LI. 

[0064] In order to more completely suppress light surge, the 
output lowered condition L2 may be an output stop condition. 
In order to securely carry out output lowering/restoration by 
means of opening/connecting the light connector, the output 
in the output lowered condition LI may be set to be -15dBm or 
more (when light receiving performance of the PIN-PD equals 
approximately -4 5dBm, and return loss equals 30dB in a case 
where the light connector is connected to an optical fiber) . 
According to this embodiment, control for suppressing light 
surge and control by means of opening/connecting the light 
connector are compatible with each other, and the purposes of 
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these are not to be lost. 

[0065] A fourth embodiment of the invention is explained with 
reference to Fig. 9 and Fig. 10. Fig. 9 is a drawing showing 
the structure of an optical amplifier of this embodiment, and 
only differences from the third embodiment are explained, and 
explanation of the same points in construction is omitted. 
[0066] In the third embodiment, the connector open/connection 
is distinguished based on the reflected light power (absolute 
value) to control the output and gain. In this embodiment, the 
connector open/connection is distinguished based on the return 
loss (relative value showing the ratio of the output light power 
and reflected light power, and in this embodiment, the return 
loss is defined as equaling output light power / reflected light 
power to control the output or gain. 

[0067] Therefore, in Fig. 9, return loss increase/decrease 
detecting part 112a return loss is calculated from the output 
light power and reflected light power, and compares the 
calculated value with the set return loss. Fig. 10 shows the 
condition transition drawing of this embodiment. In comparison 
with the condition transition drawing of the third embodiment 
shown in Fig. 8, although the conditions for changing the 
condition are changed from [reflected light 
increase/decrease] to [return loss increase/decrease], other 
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conditions are the same and a detailed description thereof is 
omitted . 

[0068] According to the construction of this embodiment , since 
a change in the ratio of the output light power and reflected 
light power is detected, regardless of the intensity of the 
output light power of the optical amplifier, the connector 
open/connection can be detected in a wide range. 
[0069] A fifth embodiment of the invention is explained. In 
this embodiment, a hysteresis circuit is added to the 
construction of each embodiment to make the control operation 
of the second, third, or fourth embodiment more accurate. 
Therefore, only differences in construction in the case where 
a hysteresis circuit is added to each embodiment are explained, 
and description of the same points in construction is omitted. 
[0070] First, an example in which this circuit is added to the 
second embodiment is explained. 

[0071] As shown in Fig. 4, the second embodiment has input light 
power lowering/restoration detecting part 109 for comparing 
the set light power value (threshold) and an input light power 
value . 

[0072] However, if detection of lowering and restoration is 
made based on one threshold, in a case where the input light 
power becomes equal to the threshold, it becomes uncertain 
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which control of lowering detection and restoration detection 
is to be carried out. 

[0073] In order to make the operation of this second embodiment 
certain, two thresholds are set in the input light power 
lowering/restoration detecting part 109 through the 
hysteresis circuit to provide hysteresis characteristics. In 
Fig. 11(a), two thresholds in the input light power 
lowering/restoration detecting part 109 in the case where 
hysteresis characteristics are provided by the hysteresis 
circuit are shown. 

[0074] The input light power lowering/restoration detecting 
part 110 of the third or fourth embodiment has the same problem 
as in the second embodiment, and provision of a hysteresis 
circuit also provides the same effect. 

[0075] The third embodiment has reflected light 
increase/decrease detecting part 112 for comparing the set 
reflected light power value (threshold) and a reflected light 
power value as shown in Fig. 7. This reflected light 
increase/decrease detecting part 112 also has the same problem 
as with the input light power lowering/restoration detecting 
part 110 described above, and provision of hysteresis 
characteristics by setting two thresholds in the reflected 
light increase/decrease detecting part 112 through a 
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hysteresis circuit is effective to make the operation of the 
third embodiment certain. In Fig. 11(b), two thresholds set 
in the reflected light increase/decrease detecting part 112 
in the case where hysteresis characteristics are provided by 
a hysteresis circuit are shown. 

[0076] The fourth embodiment has return loss increase/decrease 
detecting part 112a for comparing set return loss (threshold) 
and calculated return loss as shown in Fig. 9. For the same 
reason, to make the operation of the fourth embodiment certain, 
two thresholds set in the return loss increase/decrease 
detecting part 112a are set by a hysteresis circuit to provide 
hysteresis characteristics. In Fig. 11(c), two thresholds set 
in the return loss increase/decrease detecting part 112a in 
the case where hysteresis characteristics are provided by a 
hysteresis circuit are shown. By such a construction, it 
becomes possible to certainly judge which of either the 
. lowering detection or restoration detection to carry out, 
whereby the control operation can be securely carried out. 
[0077] The embodiments described above use optical amplifiers 
with ALC circuits, however, the invention can also be applied 
to the aforementioned optical fiber amplifier 206a with 
exciting light power fixing control and the semiconductor 
optical amplifier 206b with inrush current fixing control. In 
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this case, the control output value or control gain of the 
optical amplifier with an ALC circuit is changed to be low, 
however, in the optical fiber amplifier which controls the 
exciting light power to be fixed, the exciting light power may 
be controlled to be lower, and in the semiconductor optical 
amplifier which controls the inrush current to be fixed, the 
inrush current may be controlled to be lower. 
[0078] 

[Effects of the invention] As described above, use of the 
optical amplifier of the invention makes it possible to 
effectively suppress light surge, so that it is possible to 
prevent danger to a person in charge of maintenance who handles 
the output connector, fusion at connecting portions, and 
breakage of parts such as the optical receiver and the like. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] A drawing showing the construction of the optical 
amplifier of the first embodiment. 

[Fig. 2] A drawing showing the condition transition of the 
optical amplifier of the first embodiment. 

[Figs. 3] Drawings showing the gain and input and output 
characteristics of the optical amplifier of the first 
embodiment . 

[Fig. 4] A drawing showing the construction of the optical 



28 



amplifier of the second embodiment. 

[Fig. 5] A drawing showing the condition transition of the 
optical amplifier of the second embodiment. 

[Figs. "6] Drawings showing the gain and input and output 
characteristics of the optical amplifier of the second 
embodiment . 

[Fig. 7] A drawing showing the construction of the optical 
amplifier of the third embodiment. 

[Fig.. 8] A drawing showing the condition transition of the 
optical amplifier of the third embodiment. 

[Fig. 9] A drawing showing the construction of the optical 
amplifier of the fourth embodiment. 

[Fig. 10] A drawing showing the condition transition of the 
optical amplifier of the fourth embodiment. 

[Figs. 11] Drawings showing the detection thresholds of the 
hysteresis circuit of the fifth embodiment. 

[Fig. 12] A drawing showing the construction of optical fiber 
communications . 

[Fig. 13] A drawing showing the construction of optical fiber 
communications using optical amplifiers. 

[Figs. 14] Drawings showing the constructions of conventional 
general optical amplifiers. 

[Fig. 15] A drawing showing the input and output 
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characteristics of the optical amplifiers of Figs. 14, 
[Fig. 16] A drawing showing light surge to occur in the light 
amplifiers of Figs. 14. 

[Fig. 17] A drawing showing the construction of an optical 
amplifier with an ALC circuit. 

[Fig. 18] A drawing showing the input and output 
characteristics of the optical amplifier of Fig. 17. 
[Fig. 19] A drawing showing light surge to occur in the optical 
amplifier of Fig. 17. 
[Description of Symbols] 



101 


Optical coupler 


102 


Optical amplifier 


103 


Optical coupler 


104 


Input. light power monitor 


105 


Input light power lowering detecting part 


106 


Output (gain) control part 


107 


Output light power monitor 


108 


Reset switch 


109 


Input light power lowering/restoration detecting part 


110 


Input light power lowering/restoration detecting part 


111 


Reflected light power monitor 


112 


Reflected light increase/decrease detecting part 


112a 


Return loss increase/decrease detecting part 



30 



113 Optical connector 



[Fig. 5] 
Normal input 

Steady output condition SO 

[Fig. 17] 

Input lowering 

Input restoration 

Input lowering 

Output lowered condition LI 

[Fig. 12] 
Electric signal 
Optical transmitter 208 
Optical fiber 201 
Optical receiver 209 
Electric signal 
[Fig. 1] 

101 Optical coupler 

102 Optical amplifier 

103 Optical coupler 

104 Input light power monitor 

105 Input light power lowering detecting part 

106 Output (gain) control part 
Output fixing control loop 

107 Output light power monitor 
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108 Reset SW 
Electric signal 
Light signal 
[Fig. 2] 
Normal input 

Steady output condition SO 
Input lowering 
Reset SW 

Output lowered condition LI 
[Fig. 15] 

Output light power 

Output value B 

Output value C 
Input light power 

Input value A 
[Figs. 3] 

(a) Input light power 

Input lowering threshold 
Time 

(b) Gain 
Steady gain 

Reset SW depressing 
Time 
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(c) Output light power 

Steady output 

Time 
[Figs. 6] 

(a) Input light power 

Input restoration threshold 
Input lowering threshold 
Time 

(b) Gain 
Steady gain 
Time 

(c) Output light power 
Steady output 
Time 

[Fig. 4] 

101 Optical coupler 

102 Optical amplifier 

103 Optical coupler 

104 Input light power monitor 

109 Input light power lowering/restoration detecting part 

106 Output (gain) control part 
Output fixing control loop 

107 Output light power monitor 
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Electric signal 
Light signal 
[Fig. 16] 

Input light power . 
Input value A 
Time 

Output light power 
Output value B 
Output value C 
Light surge 
Time 
[Fig. 7] 

101 Optical coupler 

102 Optical amplifier 

103 Optical coupler 
113 Optical connector 

104 Input light power monitor 

110 Input lowering/restoration detecting part 

106 Output (gain) control part 
Output fixing control loop 

107 Output light power monitor 

112 Reflected light increase/decrease detecting part 

111 Reflected light power monitor 
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Electric signal 
Light signal 

[Fig. 8] (from left to right, top to bottom) 
Normal input 

Reflected light decrease 

Steady output condition SO 

Reflected light decrease 

Reflected light increase 

Input lowering 

Reflected light increase 

Normal input 

Input lowering 

Output lowered condition LI 

Input restoration 

Input lowering 

Output lowered condition L2 

[Fig. 9] 

101 Optical coupler 

102 Optical amplifier 

103 Optical coupler 
113 Optical connector 

104 Input light power monitor 

110 Input lowering/restoration detecting part 
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106 Output (gain) control part 
Output fixing control loop 

107 Output light power monitor 

112a Return loss increase/decrease detecting part 
111 Reflected light power monitor 
Electric signal 
Light signal 

[Fig. 10] (from left to right, top to bottom) 

Normal input 

Return loss increase 

Steady output condition SO 

Return loss decrease 

Return loss increase 

Input lowering 

Return loss decrease 

Normal input 

Input lowering 

Output lowered condition LI 

Input restoration 

Input lowering 

Output lowered condition L2 

[Fig. 13] 

Electric signal 
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Optical transmitter 208 
Optical amplifier 202 

Construction using an optical amplifier as a post-amplifier 
Optical fiber 201 
Optical repeater 210 
Optical amplifier 202 

Construction using an optical amplifier as an in-line amplifier 
Optical fiber 201 
Optical receiver 209 
Optical amplifier 202 

Construction using an optical amplifier as a pre-amplif ier 
Electric signal 
[Fig. 18] 

Fixed output value 
Output light power 
Input light power 
[Figs. 11] 
(a) Small 

Input lowering detection threshold 

Input restoration detection threshold 

Large 

Input light detection thresholds to be used for the second 
embodiment 
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(b) Small 

Reflected light lowering detection threshold 
Reflected light restoration detection threshold 
Reflected light power 
Large 

Reflected light detection thresholds to be used for the 
third embodiment 

(c) Small 

Return loss lowering detection threshold 
Return loss increase detection threshold 
Return loss 

Return loss detection thresholds to be used for the fourth 
embodiment 
[Figs. 14] 

(a) Er-doped optical fiber amplifier 
202a Er-doped optical fiber amplifier 

206a Exciting light power fixing control circuit 

(b) Semiconductor optical amplifier 
202b Semiconductor optical amplifier 

206b Inrush current fixing control circuit 
[Figs. 19] 

(a) Input light power 
Time 
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(b) Gain 
Time 

(c) Output light power 
Light surge 

Time 
[Fig. 17] 
Input 

202 Optical amplifier 

203 Optical coupler 
Output 

206 Output (gain) control part 
Output fixing control loop 

207 Output light power monitor 
Electric signal 

Light signal 
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